Schistosomiasis is a parasitic disease transmitted by fresh water snail infected with the Schistosoma parasites. The disease is endemic in many parts of Asia, Africa, and South America affecting people who are unable to avoid contact with water, either because of their profession or because of lack of reliable source of safe water for drinking, washing and bathing. The study focused on the molluscicidal activities of the oil extracts of Tetrapleura tetraptera, Bridelia ferruginea and Azadirachta indica on freshwater snails. The snails were collected from a stream at Ipogun village, which is about 14 km away from Akure. The collected snails were transferred into glass tank containing water in the laboratory, where they were fed with lettuce and left for 3-4 days to adjust to the laboratory conditions. The fruit, barks and leaves of T. tetraplura, B. ferruginea and A. indica respectively were air dried, pulverized into powder and the powders were soaked in 70% ethanol. The oils from the plant powders were extracted using Soxhlet machine and the bioassay was done at varying concentrations (0.4, 0.8, 1.2, 1.6, and 2.0 g/ml). Among all the plant extracts, Tetrapleura tetraptera showed the highest molluscicidal activity (100%) at 1.6 mg/l and 2.0 mg/l for 48 hours of exposure. Meanwhile, the lowest molluscicdal activity (10%) was found in Azadirachta indica at 8 hours of exposure. One-way Analysis of Variance of the result shows that there is significant difference in the molluscicidal activities of the three plant extracts (p < 0.05). It was also observed that the potency of the extracts increases as the concentrations and time of exposure increase. The results of this study show that the three plant extracts maybe used as veritable means of controlling schistosomiasis and other trematode infections.
Introduction
Schistosomiasis is also known as bilharziasis or "snail fever", is a parasitic disease transmitted by fresh water snail infected with one of the five species of the parasite Schistosoma [1] . The schistosomes or blood flukes belong to the class Trematoda of the phylum Platyhelminthes. They are parasites of the blood stream of warm blooded vertebrates. The definitive hosts of the parasites are humans and affect about 200 million people worldwide and is considered one of the most serious pathogenic infections today [2] . The species which infect man are Schistosoma haematobium, S. mansoni, S. intercalatum and S. japonicum.
Schistosomiasis is found predominantly in tropics and sub-tropical climates. It ranks second only to malaria as the most occurring parasitic disease in the tropics [2] . It is one of the important parasitic zoonotic diseases transmitted by one or more species of the snail species Bulinus. The disease is endemic in many parts of Asia, Africa, and South America. In Nigeria, a good number of foci infections have been documented in various parts of the country including some communities in Akure where this study is conducted [3] [4] [5] [6] [7] . However, in developing countries, the true epidemiological picture appears difficult because of inadequate researches in this direction despite its relevance in planning and control in any locality. This problem is compounded by the poor habits of people in developing countries in visiting hospital, for treatment also, self-medication is still practiced as manifested by anti-helminthic abuse.
Bridelia ferruginea and leaves of Azadirachta indica were washed, air dried for 7 days and pulverized using a grinding machine. The fine powder were thereafter put into separate air tight container, labeled and kept until when needed. Hundred grams (100 g) each of the pulverized materials was weighed into thimble and their oils were extracted using 78% ethanol. The oil extraction was done using Soxhlet extractor machine. Thereafter, the thimble was removed from the unit and the ethanol was recovered by redistilling the contents using rotary evaporator and then air dried to remove any trace of solvent. The oils were kept in labeled plastic bottles till when needed.
Snail collection and identification
Adult snails were collected from Aponmu stream, a fresh water body surrounded by rocks and vegetation in Ipogun village of the Ifedore Local Government Area of Ondo State, Nigeria (7°19'N;5°05E). The village is 14 km away from Akure, the state capital. The snails were collected using scoop net and immediately transferred into a glass container containing water. In the laboratory the snail were transferred into 26 cm × 17.5 cm rectangular glass tank containing water, fed with water lettuce and monitored closely in the glass container for 72 hours. This initial exposure period allowed the snails to acclimatize to the laboratory conditions.
Bioassay
Ten fresh water snails in 4 replicates including control were introduced into each glass tank containing 0.4, 0.8, 1.2, 1.6 and 2.0 mg/l of Tetrapleura tetraptera, Bridelia ferruginea and Azadirachta indica oil extracts. The snail mortality was recorded as at 8, 16, 24, 32, 40 and 48 hours of exposure to the oil extracts.
Statistical analysis
Data obtained were subjected to One-way ANOVA and where there is significant differences the means were separated using New Duncan Multiple Range test at p < 0.05. LC 50 and LC 90 were also calculated for the data. All analyses were done using statistical package for social sciences (SPSS) 20.0 version.
Results

Molluscicidal activities of Tetrapleura tetraptera at different exposure time
The molluscicidal activities of Tetrapleura tetraptera was expressed as adult snail mortality as shown in Table 1 . The result shows that the oil extract exhibited varying degrees of mortality at different concentrations and time of exposure. Sixty percent snail mortality was recorded at 2.0 mg/l and 1.6 mg/l for 8 hours and 16 hours of exposure respectively. Similarly, 80% mortality was recorded at 1.6 mg/l for 24 hours, 32 hours, 40 hours and 48 hours of exposure respectively. Meanwhile, 100% mortality was only achieved at 1.2 mg/l
The disease is common among the school aged children especially in communities that lack potable water [3] . Hence, the children are always instructed by their parents to get water for domestic consumption in the nearby streams and rivers. These children consequently swim in the river especially during the dry season when the weather is hot. The attitudes expose the children to snail infection and makes this age group the most vulnerable group to the disease.
Bulinus spp is a freshwater snail which is medically important because its function as intermediate host of the schistosomiasis. These snails are widespread in Africa including Nigeria, Madagascar and the Middle East. Bulinus has become fully established in the USA, but it is considered to represent a potentially serious threat as a pest, an invasive species which could negatively affect agriculture, natural ecosystems, human health or commerce [4] . Therefore, it has been suggested that this species be given top national quarantine significance in Nigeria.
Lots of efforts have been taken by scientists and researchers to control the transmission of schistosomiasis by attacking the snail intermediate host.
This control can be in form of botanical or chemical applications. However, chemical molluscicides has been noted to degrade slowly in the environment and often attack non-target organisms such as fish [8] . The high cost and toxicity of synthetic molluscicides, has also stimulated renewal of interests in plant molluscicides [9] . Hence, botanical control as part of integrated snail control stands to be a better alternative to the chemical control. Use of plant molluscicides stand to be a better alternative to chemical control due to the fact that plant molluscicides are cheap, eco-friendly, nontoxic and leave no residue in the environment. Examples of such botanicals that are readily available in Nigeria include Azadirachta indica, Bridelia ferruginea and Tetrapleura tetraptera [10] . Azadirachta indica, Bridelia ferruginea and Tetrapleura tetraptera has many traditional/ medicinal uses mainly in the management of malaria, rheumatic pains, coughs, gonorrhoea, painful and irregular menstruation respectively. In this research, the efficacy of oil extract of Azadirachta indica, Bridelia ferruginea and Tetrapleura tetraptera as potential molluscicides were investigated.
Materials and Methods
Plant collection and identification
The plants used were Tetrapleura tetraptera, Bridelia ferruginea and Azadirachta indica. This three plants were gotten at Oja Oba market, located in Akure the State capital of Ondo. The plants were identified by a taxonomist in the Department of Biology, Federal University of Technology Akure, Nigeria.
Oil extraction
The fruits of Tetrapleura tetraptera, the bark of to 0.4 mg/l of the oil extract for 8 hours. Meanwhile, as the hours of exposure increased from 16 hours to 48 hours, mortality also increased from 10% to 40%. But for 0.8 mg/l, 10% mortality was recorded at 8 hours of exposure and this mortality also increased as the time of exposure also increased from 8 hours to 48 hours. Meanwhile, a higher mortality (60%) was recorded at 0.8 mg/l for 48 hours of exposure compare to 40% mortality recorded at 0.4 mg/l for the same hour of exposure (48 hours). These significant increases were noted for other concentrations tested. Meanwhile, the oil extract only achieved 100% mortality at 2.0 mg/l for 40 hours (Table 2) .
for 48 hours and 2.0 mg/l for 40 hours respectively. In contrast, no mortality was observed for the control experiment at all hours of exposure and 0.4 mg/l concentration at 8 hours and 16 hours respectively ( Table 1) .
Molluscicidal activities of Bridelia ferruginea at different exposure
The snail mortality when exposed to increasing concentrations of Bridelia ferruginea oil extract was presented in Table 2 . The result reveals that mortality increases as concentration and time of exposure increased. It was observed that none of the snail died in the control experiment and when they were exposed Each value is a mean ± standard error of four replicate. Means followed by the same letter along the column are significantly different (P < 0.05) using Duncan's New Multiple Range Test. Each value is a mean ± standard error of four replicate. Means followed by the same letter along the column are significantly different (P < 0.05) using Duncan's New Multiple Range Test. Each value is a mean ± standard error of four replicate. Means followed by the same letter along the column are significantly different (P < 0.05) using Duncan's New Multiple Range Test.
ferruginea with LC 50 and LC 90 of 0.6 mg/l and 1.36 mg/l respectively. In contrast, the least toxicity was observed in Azadirachta indica with LC 50 and LC 90 of 1.93 mg/l and 3.67 mg/l respectively. Similarly One-way ANOVA shows that there is significant difference in the toxicity of the extracts at different concentrations (p < 0.05).
Discussions
This study reveals that the ethanoic oil extract of T. tetraplura and B. ferruguinea are highly toxic to fresh water snails that serve as intermediate host of schistosomiasis but, the oil extracts of A. indica was fairly toxic to the fresh water snails because at the highest concentration only 50% mortality was recorded for all replicates. The toxicity of T. tetraptera was most active at the last three concentrations (1.2, 1.6 and 2.0 mg/l) at 48 hours of exposure where 100% mortality was observed. Lower concentrations (0.4 and 0.8 mg/l) did not give 100% mortality which indicated that the snails were able to withstand the toxicity of the oil extract at lower concentrations. Reduced mortality observed at lower concentrations may be due to low concentration and the time frame, while higher mortality observed at higher concentrations within short time can probably be linked to the oil toxicity and concentration itself. The high toxicity shown by T. tetraplura as shown by its low LC 50 (0.43 mg/l and 0.86 mg/l) and LC 90 (0.6 mg/l and 1.36 mg/l) has been attributed to the presence of tannins, saponins and flavonoids in its fruit and barks [11] . The molluscicidal activity of T. tetraplura has also
Molluscicidal activities of Azadirachta indica at different concentrations and time
The molluscicidal activities of Azadirachta indica as presented in Table 3 show that no mortality was recorded for the control experiment and when the snails were exposed to 0.4 mg/l for 8-32 hours, 0.8 mg/l for 8-16 hours and 1.2 mg/l for 8 hours. The first mortality (40%) recorded for Azadirachta indica oil extract during the bioassay was recorded at 0.4 mg/l for 48 hours of exposure. Meanwhile, despite increased in concentration and time of exposure the highest mortality recorded by this oil extract is 50% which was achieved at 2.0 mg/l for 48 hours. This implies that the oil extract could not achieve 100% mortality even at the highest concentration tested. This infers that the oil extract of the plant has a weak molluscicidal activity against the snails.
Toxicity of the plant extracts
Lethal concentration (LC 50 and LC 90 ) that is the concentration that will kill half and 90% of the population of the fresh water snails was also considered to test the toxicity of the oil extracts on the snail population. LC 50 is one way to measure the shorttime poisoning (acute toxicity) of a toxic material. In general the smaller the LC 50 value the more toxic the material and vice versa. It was observed from Table 4 that Tetrapleura tetraptera with LC 50 and LC 90 of 0.43 mg/l and 0.86 mg/l respectively was the most potent of the three extracts. This was closely followed by Bridelia 
